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HOpUL£ EIGHT 

INDUCTION ^ 

In this mocfule you will delve more deeply into electromagnetic 
induction, learning about its erf<icts» and how it is used to 
advantage In electrical circuits^ You will learn of the physical 
components, called inductors > designed to take advantage of thft 
phenomenon of electroiriagnetic induction^ 

For you to more easily learn the above, t^his nK)dule has been 
divided into the following four lessons: 



Lesson \* 

Lesson IK 

Lesson ill* 

Lesson IV. 



£1 ectromagnet i sm 

Inductors and Flu>C Density 
Inducing Voltage ♦ ♦ ♦ ♦ * 
Inductance and Induction * 



TURN TO TH£ FOLLOWING PAG£ AND 8£GIN L£SSON I 



1 

8 
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OVERVIEW 



Electrorpagnetism 

In this lesson you will study aad lesrn about the following: 

-review'ny your power supply 
-magnetic fields around a straig^;^ 
conductor 

-left-hand rule for conductors 
-magnetic field around a loop 
^ . -magnetic field around a coil 

*1 ines of flux around a coi I 
■-Jeft-hand rule for coils " 
-applications of electromagnetism 
-the ejectric bel \ 
' ' ' -the relay 



BEFORE YOUSTART THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE. . " ' 
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LIST OF STUDY RESOURCES 
LESSON i 

Electromaqnetism 

To learn the niaterla) in this lesson, you. have the option of choosing, 
according to vour experience and preference*5^ > any or, all of the following: 

STUDY BOOKLET: 

Lesson Narrative 
Programmed 'Instruction 
Lesion Summary 

ENRICHMENT MATERIAL: ^ 



NAVPERS 93400A-lb **Basic Electricity, Alterr^ting Current.** 
Fundamentals of Electronics . Bureau of Naval Personnel, 
Washington, D,C.: U.S. Government Printing Office, 1965^ 



AUDIO-VISUAL: 

Sound/Sl rde" Presentation " **Lenz*s Law-** 



YOU HAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ^BOVE. 
TAKE THk PROGRESS CHECK AT ANY TIME. 



YOU HAY 



lERlC 
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NARRATIVE 
LESSON I 

^ Electromagnetl sm 

Re viewing Your Power Supply 

Place the power supply you constructed at the beginning of 
this course in front of you. Let's briefly recap some of the 
things you have learned about the power supply: 

K It is a series'paral lei circuits 

2. Alternating current is coming into the circuit from an 
outs ide source. 

3. The purpose of ^he power supply is to convert AC into 
^ DC and provide the appropriate voltages for loads. 

^. A lamp and four resistors of certain ohmic values 
are some of the components of the power supply* 

5. The amount of resistance in the ctrcui. limits the 
amount of current flow in the power supply* 

There are several other items in your power supply, however, that 
you still cannot Identify* fn this lesson, you will begin to learn 
about one of these unfamiliar components, the inductor. It Is a ^ 
basic component and makes possible many of the electronic devices 
which people take for granted. 

Look at your power supply and find the component that is 
connected between terminals T2 and T3* It looks like this: 




This is called an inductor , a choke , or a col 1 * On the inside of 
this Inductor there Is a coil of wire wrapped around an Iron 
core. To understand what an inouctor does in the circuit, we 
need first to talk about electromagnet ism. 
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Magnetic Fields Around a Straight Conductor 

Any time current passes through a conductor, it creates a magnetic 
field around the conductor. In other words, when current begins 
to flow through ci straight piece of wire, magneti^: Hnes of flux 
originate at the center of the wire and spread out, passing through 
the insulation of the conductor and establishing a magnetic field 
around the wire^ This wire then becomes a small magnet which we 
cal \ an electromagnet . 

These flux lines form a circular pattern around the conductor 
at right angles to the wire. The direction in which the flux 

lines circle the conductor is 
determined by the direction of 
current flow ^.hrough the conductor. 




Left-hand Rule for Conductors 



We can determine the direction of the flux lines by using the 
left-hand rule for conductors. The left-hand rule for conductors 
says that If you-grasp the conductor in your left hand, with your 
tiiumb pointing in the direction in which electron current is flow- 
ing through the conductor, your fingers around the conductor will 
point in the direction that the flux lines are circling* 



ELECTRON 




Look at this illustration* Recall 
that electron current flows through 
a conductor from negative to positive 
The thumb points in the direction of 
current flow. The firiyers then in* 
dicate the direction In which the 
magnetic linr^ circle the conductor* 



FLUX LIMES 



8 



In these illustrations, by using 
the left-hand rule for conductors, 
determine the direction of the flux 
lines; draw arrows to indicate. 
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Answers: 




Magnetic Field Around a Loop 



We satd that e conductor with current passing through it is ^ small 
electromagnet/ If we want to 'nke the conductor a stronger ma^net^ 
v;e can bend the straight wire into a loop» such as the one below. 



This brings the lines of flux closer 
together* Thus we have increased the 
flux density and we have a stronger 
magnet . 



By using the left-hand rule for con- 
ductorsjowe can determine the direction 
In which the flux lines circle, as 
shown in the illustration by arrows* 




ELECfRON Flow 



In this Illustration, determine the direction 
of tTie flux lines and draw arrows to indicate. 




Check to see If you were correct: 
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Magnetic Field Around a Coil 

Ue said that we can produce a stronger electromagnet by bending 
a straight piece of conductor Into a loop^ and this Increases the 
flux density by drawing the flux lines closer together^ 

To make an even stronger electromagnet we can wrap our straight 
conductor around and around Into a coil like this: _fYTTV * 

When we coll a piece of wire, we are creating many loops, so that 
flux lines from many of the loops Interact, thus Increasing flux 
density and Increasing the strength of the magnet* 



Lines of Flux Around a Coll 



This Illustrates an electromagnet that Is a coll of conductor wrapped 
around a core* As current flows through the colled conductor from 
negative to positive, the magnetic lines of force surrounding each 

loop extend themselves to provide a 
single magnetic field around the cotl* 



You are already familiar with flux lines that make these patterns 
around a magnet* Recall that the lines of flux leave the north end 
of the magnet, circle the magnet and enter the south end of the 
magnet* The lines of flux go through the core material from 
to ^ 





Left-Hand Rule for Colls 

When you know the direction of current flow through a coil, you 
can determine the polarity of the magnet (which end Is and which 
Is S^) by using the left-hand rule for c^lls* 

This wlll'be especially meaningful to you In A School when polarity 
of an electromagnet Is Important to proper motor function* 

The left-hand rule for colls states that If you wrap the fingers 
of your left hand around the coll so that the fingers point In the 
direction of current flow, the thL.:flb will point to the Nortts end 
of the magnet* This Is Illustrated here* Observe the fingers are 

circling under and In back of the coll 
because the current enters the conductor 
at the negative end of the wire, and then. 
In th'ls case, goes.up the back side of 
the coil and down the front side* 
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Narrative Eight-i 

lf> Instead, the conductor were placed around the core as shown 

below, your fingers would Wrap aroond the top of the coil and 

your thumb would be pointing this way indicating the 

pole* 



Using the left-hand rule for coils^ determine the polarity 
of these electromagnets. Write and S at appropriate 
end of the magnets* 

gumcq i/i 1.1.1 ijii 



On coil (a)>.N^ is at the right end of the magnet. 
On coil (b), N_ is at the left end of the magnet. 



Some Applications of E lectromagnet i sm 

Electromagneti sm is a concept basic to the understanding of 
induction, but It also explains how some common electrical 
devices work. We will briefly explain the role of electro^ 
magnets In two applications — the relay, and the electric bell. 



Relay 



One application of an electromagnet is the relay. A relay is 
commonly used to control a high-*vol tage circuit without coming 
mto physical contact witFi It. 

The following schematic illustrates an application of a relay. 
You can see there is a capability here of lighting PS 1 . 



SPRING 



Q 



DSI 




(V)220 
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tf switch I in the low-voltage circuit on Page 10 l3 closed, 
current flows from the battery through the coiK The magnetic 
lines of ftux around the electromagnet draw the soft iron of 
the armature toward tha coil. This pulls the arm down causing 
the high-voltage circuit to be energized, lighting the lamp PS I , 



Electric Bel } 

The electric bell is one of the most common devices employing 
the electromagr*et. A simple ejectric bell is shown below. Its 
operation Is explained as follows: 




!• When the switch (SWl) is closed, current flows from the 
negative terminal of the battery, through the contact 
points, the spring, the two coils, and back to the positive 
termi-nal of the battery, 



Trace the path of current through the illustration by 
following the arrows. 



2. The cores are magnetized, and the soft-iron armature 
is pulled down, thus causing the hamn^r to strike the 
bel K ^ 

3- At the Instant, the armature is^fujlled down, the contact is 
broken, and the electromagnet loses its magnetism. The 
spring pulls the armature up so that contact is re-established, 
and the operation Is repeated. The speed with which the 
hammer is moved up and down depends on the stiffness of 
the spring and the weight of the moving parts. 
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As you go throLgh A School, you will learn many applications for 
electrotnagnets. In the next lesson, you will concentrate on other 
applications of colls. 



AT This point, you may take the progress check, or yoj may study any 

OF- THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHEC AND 
ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT LES50N . IF NOT, 
STUDY AMY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE 
aUESTIOMS CORRECTLY, 



/ 
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PROGRAMMED INSTRUCTION 
LESSON t 

Electromagnetlsm 

TEST FRAMES ARE 12, 2^, AND 35* A3 BEFORE, GO FIRST TO FRAME 12 AND SEE 
tF YOU CAN ANSWER AU THE QUESTIONS THERE. FOLLOW THE DIRECTtONS GIVEN 
AFTER THE TEST FRAME* _[ 

There are several components tn your power supply whose functions 

you don't know. The one we will study in this lesson is the Inductor* 




To understand Its function in a circuit, we must know about electro- 
magnetism* 



1* Anytime current flows through a conductor, there is a * 
magnetic field set up around the conductor* Therefore, 
electromagnetlsm Is magnetism produced by - - 



(currentT 
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2. Below Is a picture siiowing a demonstration the relationship 
between current and Its magnetic field. 

IRON FILINGS 




HEAVY COPPER 
WIRE 



The pattern formed is series of 



around the wi re . 



(loops, rings, or clrcleTT 



LINES OF FORCE <FUIX) 



BATTERY 



CURRENT 




GLASS 



If we were to construct a simple circuit, as shown above, a 

field would form around the conductor, 

iNote Unes o^ force traveling tn a clockwise direction.) 



(rnagnet 
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^, However, if we were to reverse the current flow, as shown below, 

the lines of forca would be in the direction or 

counterclockwise. 



LINES Of FORCE (FUlX) 




GLASS 



CURRENT FLOW 4- 

-4 4- 



(oppos i t&Y 



CURRENT FLOW 



SIDC'X 



IRON FltlNGS 



LINES OF FORCE 




CONOUaOSt (WIRE) 



in the illustration above, the lines of force on side A are traveling 
in a clockwise direction, but the lines of force on side B are travel- 
ing in a direction^ 



(counterclockwise) 



09 
15 
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6* At this time, we need to introduce a couple of symbols used for 
current flow iv future explanations^ 




Q CURRENT 0 CURRENT 
Flow OUT Flow IN 



iCo to next f ^^me) 



7* The magnetic field around a wire has no north or south pole; however, 
this field does have direction^ Below are two diagrams showing the 
direction of this magnetic fields 




CROSS 



The diagram with the dot In the center represents current flowing 
: the page* 



(out of) 



8. The left'^hand rule for conductors is uiied to determine the 
direction of the magnetic lines of foi'ce around a conductor 
carrying a current, providing current direction ts known. By 
the application of the left-Rand rule, it Is possible to de- 
termine the of the"*^ lines of 



(direction, magnetic, force/flux) 



23 

16 



p.t. 



Eight-f 



9. The left-hand rule for a conductor is as follows: POINT THE THUMB 
OIF YOUR LEFT HAND UJ, THE D IRECTION OF CURRENT FLOW ; YOUR FTNiSERS 
CURVE ^1 THE dTKeCTION OF" THE LtNES~ gF FLUX . 




To determine the direction of lines of flux around a conductor, you 
use your hand. 



Ueft) 



10^ To Indicate the direction of current flow in a conductor, arrows 
are generally used^ However, in some cases It is nece£;sary to use 
symbols: (+) or (-), Current always flows from negative {-) to 
positive (+) . tn the il lustration below, Indicate with an arrow 
Jthe direction gf current travel. 

■ n ) 

+ — 



0 ' ) 



IK In the following sketch, mark the direction of current flow and 
lines of force with arrows* 



0 ) 
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?2. Now let's have a brief review of the material covered up to this 
point- 'Complete ttie following self-test- 

a. Wrlte^the definition of elect rbmagnet ism, 



b+ tn the following sketch, indicate by arrows the direction of 
thfe lines of force, r\ ; \ 



c. In the following sketch, fndica^'e by an arrow the direction 
of current flow. ^ _ 



d* In the following sketch, indicate by arrows the direction of 
current flow and lines of force* 



CURRINT 






(THIS IS A TEST FRAME. COMPARE YOUR ANSVERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 12 

a,. Magnetism created by current flow through a conductor 
Is electromegnetism. (See frame 1.) 




IF ALL YQUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO OA TO TEST 
FRAME OTtlERWISE, GO BACK TO FRAME 1 AND TAKE TtlE PROGRWiMI^O 

SEQUENCE^ BEFORE TAKING TEST FRAME 12 AGAIN. 




The magnetic field around a straight 
conductor has llttte value^ It has 
direction, but no north or south pole 
It has force, but this force Is re- 
lattvety weak. 



(Go to the next frame J ^ ] 
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}h* if a straight, current^carry tng condtictor ts formed Into a )oop» 
north and south poles are created^ This loop has alt the 
characteristics of a magnet, but the field fs stMt weak.^ ' 




To create a north and south pole using a conductor, you form 
the conductor Into a * 



UoopJ 



15* Now^ by forming several loops of wire (which has current 

flowing through It), we make a stronger magnetic field. These' 
loops form a cotl . The area Inside the coti Is called the core . 
The core material Is generally air or soft* iron* 




a* tn order for the flux lines of each loop to add to the 
flux tines of the next loop, the loop currents must flow 
In the direction* 



b\ Several loops of wire formed Into a spiral Is called a 



ja. same; b* colTT 
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16* to determtne the north 
The left-hand rule for 
YOUR LEFT HAND SO THAT 



POINT IH THE DIRECTION OF CURRENT 
FLOW AROUNOHE COIL ; YOUR THUHB POINTS 
TO THE NORTH POLE , To determine the north 

pole of any coll, you use your 

hand. 



pole of any coil, we use the left-hand rule , 

coils is as follows: GRASP THE COIL IN 
YOUR FINGERS 
OF 




!?• To determine the north and 
must know the direction of 
This is the 



south poles of a coM, you 
-hand rule for a coi 1 . 



(current flow; left) 
18. Label the south pole in the illustration below. 



CURRENT 




UFT HAND 



( S T »^ 



19* When Lsing tbe left-hand rul^ for colls, /our fingers point 
In the direction of current flow * 



"Ithrough the colTT 



P*K . Elght-t 

20. 




By grasping the coIK tn your left hand so that your fingers point In 

the direction of current flow, your points to the 

north pole* 



Uhumb) 



2K tn this diagram, the arrows Indicate the direction of current flow 
In the coilt Indicate with an or S the pole In question* 



T5T 



22* To find the N^-£ polarity of a coll, you must know (t) the end 

of the coil that current enters and (2) the direction In which the 
coll ts woi^d. My knowing these two things, you are able to point 

your fingers in the direction of the 

through the windings of the coll* 

With the fingers pointing In the direction of current flow around 

the coH, the thumb points to the of the 

coil* 



(current- f4w; north poie) 
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23> Select the correct magnetic polarity of the po.1e In question. 



0 



1st 



2h, Is the pole marked with a question mark a North or South Pole? 



xc 



t 



(THIS IS A TEST FRAME. COMPARE VOUR ANSWER WITH THE CORRECT 
ANSWER. GIVEN AT THE TOP OY THE NEXT PAGE.) 



23 



30 



Eight- I 



ANSWER - TEST FRAME 2^ 
North 



IF YOUR ANSWER HATCHES THE CORRECT ANSWER. YOU MAY GO ON TO TEST 
FRAME OTHERWISE, GO BACK TO FRAME U AND TAKE THE PROGRAMMED 

kQUENCE BEFORE TAKING TEST. FRAME 2^* AGAIN. 



25. We have talked about the 
cot Is, 



^hand rules for conductors and 



riow, let's discuss two types of coMs often used In electrical 
circuits* 

First, the solenoid . 

The solenoid Is a coil of wire with a movable Ir o n core. When 
an Iron cylinder Is placed near one end of an energized 
electromagnet (coll), the flux lines are concentrated through 
the Iron. The cylinder Is attracted by the magnet (see figure 

A) and Is virtually sucked Into the 
Center of the coH, When a sprtngf Is 
attached to one end of this novable Iron 
core» the core (plunger) Is pulled out of 
the coll when It is de-energlzed (see 
figure B). We now have a mechanical 
movement that we can use. The fact 
that the movable Iron core centers 
Itself In an energized coll Is known 
as solenoid action. 



coil 





tieft) 



p.h 

26^ The solenoid generally has a 



Eight- t 
core* 



(movable Iron) 




If nothing stops Its movement^ the Iron core moves to the 




of the energized coIK 


(center) 


28. 


A cofi with a movable Iron core Is called a 


(solenoid) 



29* A device use*J In electrical equipment to remotely control high- 
power circuits Is the relay * The relay uses an electromagnet or 
solenoid in Its operation* The electromagnet or solenoid In a 
relay Is used to open and close eiectrica) contacts without physical 
contact* The relay colt has Its own tow-power circuit, separated 
from the circuit It Is controlling* 

The starting solenoid In your automobile Is an example of a relay at 
work* Let's look at a drawing of a typical auto starting circuit* 



(Go to next frame*! 
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IGNinON SWITCH 



fUCTItO 
MAONCT^ 

OR 
SOLtN0» 



STAKIER 
MOTOR 



sucntKAi 
rAas 



SPRING 



BATnRT 



The high current contacts arfe conn'jcted tn series wtth the starting 
motor. A separate circuit of small wire Is routed through an cn/off 
switch on the dash, and then to the solenoid near starting motor. 
When the Ignition swHch Is closed, the solenoid rglzes. The 
plunger Is pulled Into the colt, thus closing the contacts, this 
causes the starter motor to turn. 

Using this solenoid relay, only small wire need be routed from the 
relay to the dash board. The heavy, hIgh-current-carryIng wire 

Is kept as ^ as possible, and provides a method for energizing 

the hJgh power circuit without physical contact. 

(J 



Cshort? 

2 

NOTE: This Is safer and minimizes the I R loss. 
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31- Instead of solenoids, smaller relays generally use a fixed core 
electromagnet In their operation^ The door bell Is an example 
of this* 

SCREW CONIACT 




(Go to next framej 



,32. Before we conclude this lesson, let's discuss a question often 
asked by students: Why do we use a relay Instead of a regular 
switch? 

One major use of the relay Is the remote control of electrical 
and electronic circuits* Circuits may be energized from one 
or more stations simply by closing a switch* This means a 
relay can eliminate the necessity of running heavy power 
cables to various control points* 

So, the first use of the relay Is the of 

electrical circuits. 



(remote control) 
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33* Another major use of the relay Is the removal of safety hazards* 
Htgh-voltage equipment can be turned on cr off by a relay* A 
Separate l9W-voUage supply and switch are used by the operator 
to eners|ylTEe the relay. 

So, the ^ecohd 'maln use of the relay is the removal of 



to the operator from htghrvoltage equipment* 



Uafety hazards) 



3^- Turning on the ship's radar, for example, utilizes both uses 
of the relay* The operator has 



of .the radar's circuits and he ts removed from'the safety hazards 
of the radar's 



(remote control, electrical circuits)" 



35* State In your own words, the primary purpose or purposes for using 
a relay. , , 



(THIS IS A iZ:>i FRAHE* COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE*) 
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ANSWERS - TEST FRAME 35 

1. Remote control of circuits without the necessity 
of Tunning great lengths of high"current wiring. 

2. Decrease safety hazards involved in physically 
controlling high-power circuits. 

(or, words to this effect) 



(F ANY OF YOUR ANSWERS (S iWCORRECT, GO BACK TO FRAME 25 AND TAKE^ 
THE PROGRAMMED SEQUENCE. 

IF YOUR ANSWERS ARE CORRECT, YOU MAY TAKE THE PROGRESS CHECK, OR 
YOU MAY STUDY ANY OF THE OTHER RESOURCES LISTED. (F YOU TAKE THE - 
PROGRESS CHECK AND AftSWER ALL THE QUESTIONS CORRECTLY, GO ON TO 
THE NEXT LESSON. IF NOT, STUDY ANV METHOD OF INSTRUCTION YOU 
WISH UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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SUMMARY 
LESSON I 

E lectromagnet i sm 

An importdnt electronic component is the inductor , or choke ; it 
is a CO 1 1 wh i ch is often wrapped around an iron core, to under - 
stand the Inductor, we must first review the principles of electro- 
magnetism^ 

1^ A conductor carrying current is encompassed by a magnetic fiel 
having direction, but no north or sduth pole^ As always, the 
lines of the magnetic field form closed loops. 

2. By using your left hand, the direction of this field can be 
deterlnlnecl. Similarly, knowing the field's direction, the 
direction of current flow can be determined. If ^OKir left 
thumb points In the direction of the electron current flow, 
the curling left fingers show the magnetic field direction^ 

r 

Forming the conductor into a loop creates a stronger magnetic 
field and a definite north and south pole^ 

Using the left hand, you cah again determine the north pole 
and the direction of current flow in the coil* If your 
fingers circle in the direction of electron current flow, 
your thumb indicates the north pole and its energizing 
magnetic field. 

Review in the narrative some of the applications of elettromagnetism 
such as the electric bell and relay circuits. 



AT THIS POINT, YOU HAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY 
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH*. 
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS COR- 
RECTLY, GO TO THE NEXT LESSON. IF NOT, STUDY ANOTHER METHOD OF 
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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OVERVIEW 
Lt^SON rt 

Inductors and Flux Density 

tr> this lesson you wItt study and learn about the following: 

-iron-core Inductors 

-alr-core Inductors 

-factors that affect flux density 



BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE. 
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LtSV OR, STUDY RESOURCES ^ 
LESSON 11 

Inductors and Flux Density 

To leern the material tn thts'tesson, you have the option of choo^slng, 
accc^dlag to your experience and preferences, an^ or all of the fpllow 
lag: 

STUDY BOOKLET: 

'Les^son Narrative % 

Programmed*^ Instruction - ^ 

Lesson Summary ' . 

Ik 

ENRICHMENT MATERIAL: 

NAVPERS 93^00A-]b "Basic Electricity, Alternating Current*" 
FundaiT>enta>s of Electronics* Bureau of Naval Personnel* 
Washington^ D*C* ; U*S* Government Printing Office, I965* 
.NAVPERS 93^(00A-U' "Basic Electricity: Otrect Current*" 

Fundamentals of Electronics* Bureau of NSval Personnel* 

— ■ J 

Washington, U.S. Government Printing Office, 



YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU HAY 
TAKE THE PROGRESS CHECK AT ANY TIME. 



s 
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r \ ^ ^ 

\ NARRATIVE 

LESSON n ^ 

Inductors and Flux Density 

)n this les^n we w) It learn aboU^two baste kinds of Inductors 
and the facu^rs that determine the capabilrty of a coll to perform 
' ' Its function . 



lron*Core Inrfuctors 

Inductors are*c?asslf led according to core type. The core is-- 
the center' of the Inductor Just as the core of an appT% Is the' 
-center of an apple. The Inductor Is made by wrapping a coll 
of wtre (conductor) Ground a core. The core matefta) ts ^ 
normally on^ of two basic types: soft Iron or air. The Inductor 
In your power supply has an Iron core. ^ 

An tron^core Inductor Is schematically represented by a col) 
with Unes across the top of -It to Indicate the presence, of an 
^ Iron core: _ 

Alr'Core Inductors /" 

The^atr-core Indtj^c^tor may be nothing more than a coil of con- 
ductor, but It {s usually a coM formed arpt^nd a hollow shape 
of some non^magnettc .materiel such as ca^^dboard. This mat^r^al 
serves no purpose other than to 1io1d the shape of the coiK 

This Is an 1 1 1 ustratlon of an alr^core Inductor: 




The schematic symbol for an air-core Inductor Is a coil without 
bars across the top: 



Draw the correct schematic symbol for 
the Inductor In your power supply. 




The type of core material used tn an Inductor Is important because 
It affects the strength of the magnetic field around the coll. Vfe 
* are talking now about flux density which, -you recall, refers to 
the number of flux lines In a given area. The greater the flux 
density, the stronger the magnetic field. 

3* 



Narrative 



Factors That Affect Flux Density 

We will first discuss four factors that directly affect flux 
density* (A fifth factor affects the flux density inversely*) 

1* Permeabtli ty refers to the fasejwith which nagnetic flux 
lines pass through a naterial* Flux lines move more easily 
through materials with h tgh- permeab 11 1 ty* Flux lines pass 
more easily through iron than they do through air; therefore 
ai> Iron-core has much higher permeability than an alr^core* 

The term that means the opposite of permeability is 
reluctance ^ The reluctance of a materia) is the opposition 
Which the material offers jto the passing of flux lines ' 
through it* A htgh-reluctance material, therefore, hai\ 
low permeability* Flux lines have more difficulty 
passing through aif^than through almost any*t>ther material* 
so we can say that air ha^ high reluctance and low 
permeability* On the other hand, iron has high permeability 
and low reluctance* 



Match; , ■■ . 

\, has greater pertneablltty 
2* , has- greater reluctance 



y&ur answers should be: 

K b 

2* a 

The higher the permeability of the core, the greater the 
flux density* \ 



2* The number of turns of conductor in the coll affects flux 
density In the core* When there are more turns closer 
together, the flux density Is greater. 

3* The CrosS"Sectional Area of the Core also affects flux 
density* If the diameter or cross-^sectlonal area of the 
core (for a given coil) is increased, more flux lines 
can pass through the material* In figures A and B we 
have two cores of equal length, of Identical material, and 
with the same number of turns of conductor. The only 
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difference between these two 
coils ts that the core of coll 
B has a larger cross-secttonal 
area. Flux density wtll be 
greater around coti B than 
around coti A. 

^. The Amount -of Current through the coll affects flux densltyi 
The greater the amount of current, the greater the. flux 
density. 

If you increase any of the four factors we have ;r)ent toned — 
permeab titty of the core, the number of turns of the conductor, 
the cross-sectional area of the core, or the amount of current 
through the col) — flux density Increases. If any of these 
factors decreases, flux density decreases. 

One other factor affects flux density, and that Is the length 
of the core. Just as a long piece of wire offers more re- 
sistance to current flow than a short pl^^ce, a long core offers 
more reluctance to the passing flux lines through the core. 
So tf you Insert a longer core In a coil, flux den Ity decreases* 



If you sh(firten the core^ keeping all turns around 
It, will flux density Increase or decrease? 



Answer: It will Increase. 



Summary . These five factors affec 
ability of an inductor: 

1. Permeab titty of core 

2. Number of turns of conductor 

3. Cross-sectional area of core 
^. Amount of current through the 

coll 

5* .Length of core 



flux density and the cap- 



Increasing these 
Increases flux 
dens 1 ty* 



Increasing length decreases 
flux densl ty. 



AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY 
ANY OF THE OTHER RESOURCES LISTED. If YOU TAKE THE PROGRESS CHECK 
AND ANSWER ALL OF THE QUESTIONS CORRECTLY, GO ^0 THE NEXT LESSON. IF 
NOT, STUDY ANY METHOD OF INSTRUCTION YOU .WISH UNTIL YOU CAN ANSWER ALL 
THE QUESTIONS CORRECTLY* 
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^ PROGRAMMED INSTRUCTION 

LESSON II 

Inductors and Flux Density 

TEST FRAMES ARE 10 AND 17. AS BEFORE, GO FIRST TO TEST FRAME 10 
AND SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE* FOLLOW THE 
DIRECTIONS GIVEN AFTER THE TE5T FRAME. 

In this lesson you will learn about factors that determine the 
characteristics of Inductors. 

K There are two types of Inductors; they are distinguished by 
their type of core* 

How Is the type of Inductor determined? 

(core material) 



2* The first one to be dUcussed Is the alr-core Inductor* It Is 
shown schematically as: "viUiUULrOR -t fl UT^ 

And It appears something like this: 
What type material Is used for the core of the inductor shown below? 

"UUUlflJl/- 




3* An alr-core Inductor ( -iJJLiUULr-) Is normally found In circuits 
operating at high frequencies - radio, TV, etc^ 

For radio-frequency application an air-core Inductor 

\ normally be used^ would/ 

would not 



(would J 
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^- The second type Tnductor ts the Iron-core Inductor* It Is 



schematically shown as 



The parallel lines 



denote the Iron core. The Inductor In your power supply is 
of this type» and Is connected between terminals T2_ and T3,* 

Hatch the drawing to the description* 

1 * aIr*core Inductor 
^ 2* Ironrcore Inductor A 
„ 3* schematic drawing of Iron core^ 

^* schematic drawing of air core ^ vJUiJiJi_> 





{]. c; 2* a; 3. d; ^rbY 



5* The purpose of the Iron core Is to concentrate the magnetic flux 
lines, thus strengthening the flux field* 



The 'ron-core Inductor has a stronger than 

an afr-core due to the type core materia? It has* 



P*l- Elght-n 

6^ The ease with which a inaterlal passes lines of flux is called 

permeability* Air Is the reference material with a permeability 
of K 

An Inductor with an - core Is used as a reference and 

has a permeability of K 



TiiTT 



7* Soft Iron passes flux lines more readily than air; it has a much 

higher permeability than air* Different types of 1 ron have different 
degrees of permeability* 

Which of the following core materials would have the strongest 
magnetic field for a given coil? 

a* soft 1 ron 

b* air - 



(a) soft iron 



8* Reluctance Is the reverse of permeability and is a measure of 
the opposition a material offers to flux lines. 

Soft iron has a high permeability and a reluctance. 



TTwT 



9* Reluctance Is comparable to resistance* Both are a form of 
opposition* 

Air offers maximum opposition to flux lines. Air Is said to have 
a high * 



Irel uctancej 
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10. Hatch the drawings to the statements. 

1, has greater pem^abtltty 

2, has greater reluctance - 

3. has less permeability 

has less reluctance 



Etght-I I 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 10 
K b 

2, a 

3. a 
b 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO TEST 
FRAME 17* OTHERWISE, GO BACK TO FRAME I AND TAKE THE PROGRAMMED 
SEQUENCE BEFORE TAKING TEST FRAME lO AGAIN. 



IK Flux density Is a measure of flux lines per unit area. Magnetic 
field strength Is direptly proportional to flux density. 

An iron-core inductor will have a flux density and 

a stronger magnetic field than an air^core. 



tgreaterT 



12. Permeability, flux density, and magnetic field strength are 
related. A change in the permeability of the core material 
will cause a directly proportional change In fitix density, thus 
causing a directly proportional change to the magnetic field 
strength. 

^ If an increase Jn flux density increases the magnetic field. 
Increasing permeabl 1 1 ty wl 1 1 the magnetic fields 



Uncreas^ 
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13* If the numbar of tu^ s of wire on a coi] are increased, the flux 
density of the coil increase* 

Which of the coils drawn below wil) have the greatest flux 
density? 



l^t Another factor pertaining to f)ux density Is the cross-sectiona) 
are^i of the core materlaK The greater the cross-sectlonai area 
of the core material for a given coil, the lower the reluctance 
and the more lines of flux per unit area* 

Which of the drawings below will have the greatest flux density? 



15* The last of the four major f3ctors affecting flux density is current 

flow* The higher the current flow In a coil the greater the number 

of individual lines of flux around each turn of the conductor, 
so the greater the total flux density* ^ „ 

List the four factors that have a direct effect on the flux density 
of a coi K (Any order*) 



a* 
b, 
c. 



Inumber of turns of the coi); permeability of the core; cross-section 
of - the core; amount of cur.rent flow In the coil) 
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16^ If the cross-sectlona) area of the core \t increased, flux 
density increases; hovv'ever, If the length of the core Is 
Increased^ flux density decreases; 

Flux density Is proportional to core lengths 

directly/inversely 



^inversely} 

17- List the five factors that affect flux density in an inductor. 
Directly Proportional 

a. - 

b. ] ^ 

' 

d. 

Inversely Proportional 

e* — , 



(THIS IS A TEST FRAME, COMPARE YOUR A^^iVERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE N£XT PAGE J 
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ANSWERS - TEST FRAME 17 

Directly Proportional: (may be In any order) 

a. permeabt 1 tty of core 

b. number of turns 

c. cross-section of core 

d. current f.lpw through the coil 
Inversely Proportional: 

e. " length of core 



IF ANY OF YOUR ANSWERS IS INCORRECT , GO BACK TO FRAME II ANO 
TAKE THE PROGRAMHEtt SEQUENCE. 

IF YOUR ANSWERS ARE CORRECT, YOU MAY TAKE THE PROGRESS CHECK, OR 
YOU MAY STUDY' ANY OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE 
PROGRESS CHECK AND ANSWER ALL THE QUESTIONS CORRECTLY, GO ON TO THE 
NEXT LESSON. - IF NOT, STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL 
YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 

\ * 

\ 
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SUHKARY 
LESSON II 

' Inductors and Flux Density 

We have seen tn Lesson t that the Inductor or coti produces a 
magnetic field via electromagnet tsm. Since we alrecidy have 
characterized a magnetic field by the Important variable charac- 
teristic of flux denslt^s we should Investigate the major factors 
of an Inductor which Influence the f Vux^density. There are five: 

1 . PermeablUty of the core material Is the ease with which the 
faagnettc flux passes through any material. Flux lines pass 
quite "^readily through Iron, compared to air. Therefore, an 
Iron core has a much greater permeability than an air-core 
inductor. (The opposite of permeability Is reluctance which 
is a sort of magnetic resistance. A htgh-reluctance material 
has tow permeability.) 

2. Tlie number of turns of the conductor In the coll has already 
been seen to directly affect the flux density In the core. 

As more turns are added to a coll thb flux density Increases. 

3- The cross^sectlonal area Q_f the core affects the flux 
density. If the diameter or cross-sectlonat area of the 
core (for a given coll) Is Increased, more flux can pass 
through the material. 

^. The amount of current through the coll directly affects flux 
?ens ity. Ilie' greater the amount of current > the greater the 
flux density. ^ 

5. The length of the core affects flux density. Just as a long 
piece of wire oFFers more resistance to current flow than a 
short piece, a lo ng Ore offers more reluctance to the passinc; 
of flux tines through the core than a short one. Therefore, 
this Is an Inverse factor. If shorten the core, keeping 
the same number of turns around It, the flux density Increases. 

Keep In mind, as always, the amount of flux density determines the 
magnetic field strength. 

There are two commonly used kinds of inductors: the.alr-core and the 
lron*core. Othar types of Inductors will. be covered In detail later 
In the course. 
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AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY 
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH/. 
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS COR 
RECTLY, GO TO THE NEXT LESSON. IF NOT, STUDY ANOTHER METHOD OF " 
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE (QUESTIONS CORRECTLY* ' ■ 



53 

H6 



NAVPERS 9l»558-8a 



\ 



BASfC E'LECTRI CITY AND ELECTRONICS 
INDIVIDUALIZED LEARNING SYSTEM 




HOD,ULE E I GHl" 
LESSON lit 




Inducing Voltage 



Study Booklet 



Bureau of Naval Personnel 
Januar/ 197^^ 



lERIC; ' 



04 



47 



Overview 



Eight-Ill 



OVERVIEW 
LESSON III 

Inducing Voltage 

In this lesson you wUt study and team about thft following: 

-Inducing voltage In a conductor 
-relative motion within a conductor 
-'inducing an EHF 
-choking current flow 
-sustaining current 

-Inducing a voltage In a Second circuit 
-flux lines In I'lduced circuit 
-Lenz's Law 

-change Is vital to Induction 
-use of AC sources 

i 

BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXT FAGE. 
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LIST OF STUOV RESOURCES 
USSOH nt 

' Inducing Voltage 

To learn the material tn this lesson, you have the option of choosing, 
according to your exi>erfence and preferences, any or all of the follow-* 
ing: 

STUOy BOOKLET: 

Lesson Narrative 
Programmed Instruction 
Lesson Summary 

ENRtCHMSNT rIATERIAL; 

NAVPERS 93^00A-la **baslc Electricity, Direct Current.** 

Fundamentals of Electronics . Bureau of Naval Pe'^sonnel. 
Washington, O.C.; U.S*^ Government Printing Office, 1965. 
' NAVPERS 93^00A-lb **8aslc Electricity, Altern=)tlng Current." 
Fufidamentals of Electronics. Bureau of Naval Personnel. 
Washfngton, O.C.: U.S. Go/ernment Printing Office, I965. ^ 

AUOIO/VtSUAL: 

Sound/slide Presentation: **Lenz's Law** 

YOU MAy NOW STUOy ANy OR ALL OF THE RESOURCES LISTED ABOVE. YOU MAY 
TAKE THE PROGRESS CHECK AT ANY TIME. 
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NARRATIVE 
LESSON III 

Inducing Voltage 

In this lesson we will review the factors affecting the generation 
of an EHF and Investigate the effect isf this within a circuit. 



Reviewing Generation of EHF 

Recall from Module Two (Voltage), Lesson 111 (Electromagnetic 
Induction) that three factors are required to Induce an EHF 
. Into a conductor* These are: 

I* a magnetic field* 
2» a conductor* 

3* relative motion between the conductor and the field 
so that the flux tines are cut by the conductor* 
Remember, It doesn^t matter which moves, the field 
or the conductor, j^o lohg as the relative motion 
exists* 

With, these three factors present, voltage Is Induced Into the 
conductor. 

Vte also learned that the amount (magnitude) of the voltage In- 
duced df.^^nds upon the rate of speed with which the magnetic lines 
of flux are cut> The greater the rate of speed, the more ,EMF In- 
duced. 

this ts stated In Faraday's Law as: The EHF Induced or generated 
In a_ conductor Is I n d irect proportion to the rate at w hich the^ 
conductor cuts the magnetic 1 tnes of fTux * ^ 



Inducljig Voltage In a Conductor 

You learned In the first lesson of this mDdule that when current 
passes through a conductor, magnetic lines of flux build up around 
the conductor* 

We can assume, then, that when the current flows In the circuit 
Illustrated below, a magnetic field Is created around the conductor. 



jwee% 

C5 r:5 
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FLUX LINES 
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Let's enlarge a section of the conductor and take a look at what 
ts happening^ We see the circuit with an enlarged section of 
conductor with flux lines around It* 



5 



mm » 



Recalling that three factors are 
necessary to Induce a voltage - a 
magnetic field, a conductor, and 
relative motion ^ we know that we have 
already satisfied two of these con- 
ditions^ 



Which of the three factors Is missing? 



1 f you said relative motio n between the field and the conductor , 
you are correct* Although^t may notHBe obvious, relative motion 
Is often present In this sltuatlo/i. Let s see how. 



Relative Motion Within a Conductor 

With the swltch^.open, there Is ho current flow In the circuit and 
therefore no magnetic field around the conductor* Let's close the 
switch* What happens? (l) Current starts to flow* {2) The 
magnetic field Is created around the conductor* 

In this Illustration, we are looking at the enlarged section of a 
conductor from the end* The dot In the center Indicates the current 
ts flowing toward us * 




The lines of flux will build from the center of the conductor as 
the current begins to flow* 




If we look at the conductor In sections now, we can see that there 
Is relative motion between the field and the conductor. 
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As the field buMds from the center 
outward) the conductor seems to move 
In the opposite direction, as Indicated 
by the arrow for the right half of the 
conductor^ 

The left half appears to travel In the opposite direction In re^ 
latlon to the Movement of the fields Any section of the conductor 
can be seen In the same way* It appears to move tn the direction 
opposite to that of the f«eld. 

This, then, fulfills th* third requtre^neot for Inducing a voltage, 
relative lootlon* 




Induclng'an EHF 

Since we have the three factors necessary for Inducing a voltage, we 
can assttfne that a voltage Fs being Induced tn a conductor which begins 
to carry a current* 



By the left-hand rule for generators, determine the polarity 
of the Induced voltage* 



A 



Recall: Thumb Indicates^ dt rectton 
conductor motion; first ffnger In- 
dicates direction of flux lines; 
second finger Indicates negative 
end of Induced EMF* « 



of 



You should have determined polarity of Induced EMF as shown: 



? 



MOTION 



Mote that the section of conductor you 
look at makes no difference tn the 
polarity of the Induced EMF. Suppose 
you look at the back side of the con- 
ductor^ You will have this: 

The negative end still Is the 
bottom^ 
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Choking Current flom ' 



Remember we have current flow tn our ctrcutt from the negative termir 
of the source. 



~1] 



The Induced EHF Is atteflipting to cause 
current flow tn the opposite direction, 
as sham by the arrow. This is counter 
to the actual flow of current caused 
'by the source, so we call the Induced 
EHF a counter EMF or CEMF, 



The C£HF obvfously opposes the source and attempts to hold bacK, or 
choke, the current from the source- The CEMF Is almost ftgual to 
the source voltage and results tn the current's being reduced 
briefly. Think about this: Why would conservation of energy 
be violated If the Induced EHF resulted in more current flow? 



When the circuit current reaches Its maximum steady value, 
will there be a CEHF In the conductor? 



4- 



Nol We lose the requlre^nt of relative motion because the ftetd 
is In a fixed position around the conductor. 



Sustaining Current 

Since current hat been flowing for a w^Me, Wt's see what happens 
when we open the switch, (l) Current stops, (2) The magnetic 
field col lapses* 

Now with a field collapsing. It Is 
moving in toward the center of the 
conductor, once again causing the con- 
ductoK to appear to move In the 
^opposite direction, Haif A appears 
to move to the right and half B 
to the left. ' 




Go 
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Again, we have relative mot ton and ^galn we have an Induced EMF* 



By applying the left-hand rule for generators, determine 
the polarity of the Induced EMF^ (The field is collapsing.) 



Once again, It doesn't matter which segment of the conductor we 
are considering; the Induced EMF will be as Indicated by the 
(+) and (-) signs* 



Now, Instead of opposing the source and moving electrons In the 
opposite direction, the Induced EMF Is attempting to keep the 
current flowing In the circuit* ^Although continued current flow 
Is npt possible In an open circuit, the EMFwIII push electrons 
in that direction until the field fully collapses* 



Inducing a Voltage in a Second Circuit 

If we take the original circuit with the enlarged section of 
conductor and place close to It another circuit with an enlarged 
section of conductor (but without a, source) and close switch SWi 
we have something like this: - 





ancuiT A 



CIRCUIT B 




St 



R 
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Now the magnetic lines of ftux caused by the current flowing tn 
Circuit A cut the conductor of Circuit ^ Once agaln^ the ^en-; 
Urged section of conductor In 6trcult B appears to nove to the 
^ left» and we hev^ all three requirements for inducing a voltage: 
(i) magnetic fields (2) conductor^ and (3) relative notion. 

We have a voltage Induced In Circuit B» whose polarity can 
be determined by the left-hand rule for generators* 
miATIVE MOTION 

^ — \ y ~ — a The Induced voltage acts as a source; 

thus> the current tn Circuit B flows 
down from the enlarged conductor* 



mix 




IMF 

Flux Lines In Induced Circuit 



Since we have established that current will flow In Circuit 
B» win there be any magnetic flux lines around the conductor 
of Circuit B? 



Yes! Any current-carrying conductor has magnetic lines of flux 
around It and perpendicular (at right angles) to It^ 

Let's agdln turn our enlarged conductor sections on end and take 
a Iciok: 

CIRCUIT A CIRCUIT B 
^ ^ ^ ^ ^ ' ^ — ^ \ ^ (The in Circuit B Indicates 




^ current Is flowing away from us*) 



Now» remenri>erlng that the current In Circuit B Is j:^ used by the 
field arpund gircult A> consider the effect of th^^field around 
Circuit B* By the left-hand rule we can determine that the field 
around Circuit B will Induce a voltage In CircuIt^B which wit I at- 
tempt to cause current to flow In the opposite direction, thus re- 
ducing current and the effect of the field around Circuit A* 



Lenz's Law 

^ ' / ■ ■ 

This effect has been stated tn Lenz's Law as: The direction of 
an induced l£ such that ,It tends to set^ U£ a^ current flow 
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who ^ se iagnet tc f le?d always opposes a change In the f !el J caused 
^b y the orlflinal current, , 

r 

This rule Is used to explatin what happens tn transformer action 
which we will cover more thoroughly tn Hodule Ten* 



What will be the direction of current flow in Circuit 8 
when SW J ts opened after current has reached a maxtmum 
s teady va 1 ue? ; 



Naturally, It Is going to reverse; all conditions are the same except 
the -direction of relative motion. 



Change Is Vital to Induction ^ 

Notice that Circuit A has a DC source - a battery* The amount of cur- 
rent tn the circuit wft! be rfetennlned by the amount of resistance 
tn the conductor and the Internal resistance. 

In this circuit, current wilt have a constant value except ,for^the 
Instant the circuit Is energized and the Instant It Is de-energlzed. 
Jhus, the. only time a magnetic flefd wtll be mDVtng, $o that relatrve 
motion exists between the field and the conductor, will be when the 
circuit Is energized and de'^energlzed* 

We can see, nhen, that there. must a change En current flow 
to have a moving magnetic field, and without a moving fl^Id, 
(no relative motion) no Induced EMF. 



AC Sources 

We know that AC current fluctuates constantly like this 



If we replaced the battery with an AC source, we would have a con^ 
.tinuously changing current, thus continuously Inducing an EHF. 
Any change In current wilt cause an EMF to be Induced^ 

<i 

AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU HAY STUDY ANY OF 
THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND, ANSWER 
ALL OFTHE QUESTiONS CORRECTLY, GO TO THE NEXT LESSON. IF NOT, STU6y ANY 
METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE QUESTIONS 
CORRECTLY. 
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PROGRAMMED INSTRUCTION 
LESSON III 

Inducing Voltage 

TEST FRAMES ARE 13, 18, 20, AND 28. AS BEFORE, GO FIRST TO TEST FRAMe" 
13 AND SEE IF you CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE 
DIRECTIONS GIVEN AFTER THE TEST FRAME. 



K Recall from Module Two, that there are three factors required to 
generate an EMF by magnetic Induction. 

They ar«: ! * 
3. 



TT conductor; magnetic f^Ield; rel^atlve motion between 

the conductor and field In such a manner that the conductor cuts 
the lines of ftux) 



2* Let's see how a voltage may be Induced Into a current-carrying 
conductor^ 

Recall that current flowing through a conductor sets up a 



around the conductor and at right angles to It^ 



(magnetic field)" 
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3* Use arrows to show the direction of the magnetic field around the 
expanded section of wire* (Hint: Remember the left^^hand rule 



for conductors*). 



r 



i 



EXMMDED SKTION 
OF OONOUaoR 



r 




^* The magnetic field around a conductor originates at the center 
of the conductor and passes through the conductor as It expands 

outward* Here we see the end of a conductor 

with current flowing through It* 
The dot In the center Indicates 
the current Is flowing toward us 
(out of the paper*) Indicate by 
arrows the direction of lines of 
flux around the conductor. 
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5* As the c'rcutt below ts ener^gtzed, are the ftux Hnes expanding 
or collaps'tns? 

Y 



(expar dlng) 



6^ Since the field ts expanding outward f rorrr the center, you can say 
^ the conductor's nutlon relative to the magnetic field Is 



outward/Inward 




Itnward) 



7* Due to the field's expanding through the conductor, a motion Is 
established betweei^ the conductor and the fields 

Relative motion exists In a current^carrytng conductor because 
of the: 



a^ physical hatute of the conductor^ 
b* collapsing of the conductor^ 
c, expanding of the fields 



(c) expanding of the field 



GG 
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8^ To determine the directl'^^^ of the Induced EHF, let's look at a 
small section of the conductor. (Note: The In the center of 
the conductor represents current flow Into the page.) 




Assume the magnetic flux Is expanding and apply tht 1eft*hand rule 
for generators to determine the polarity of the EMF Induced Into 
side B of the conductor. State the polarity of the Induced voltage 
on the end of the conductor toward you. . 

Recall: thuirib direction of motion; first finger 

direction of flux;' second finger direction of Induced EMF 



(ne^tlve) 

9- Now, looi. at side A of the same conductor. 



\ 



FliUX 




s 



Indicate the direction of Induced electron movement In side A. 
()t Into the page, out of the page) 




P.I. Eight-m 
10. Let's spilt the same conductor. a d1 f ferent way . 



RUX 



Indicate the direction of electron flow for each half. 





M. You can 'see that no matter which point around the cc.JucCor 
you check, the Induced EHF ts always In the same dfrectfon. 

Label the expanded conductor in the schematic below to Indicate 
Che polarity of the Induced EHF the instant the switch Is closed. 




J 
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12. You can also see that the Induced EMF fs attempting to cause 
current to flow In the dlr/ectlon opposite to the direction of 
current flow caused by the source^ 

We caU the Induced EMF a counter EMF because It 

the source* 



]op_poses) 



U. Label the expanded conductor to Indicate polarity of Induced EMF 
the instant the switch is closed. . , 



What happens to the Induced EMF In this circuit after the current 
has reached a steady flow and ^he magnetic field Is no longer 
Increas Ing? 



(THIS !S A TEST FRAME* COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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AMSWERS - TEST FRAME 13 



i- 



There ts no induced EHF* We no 
ionger have relative motion be- 
tween the field and the conductor^ 
(or words to that effect) 



IF ALL YOUR ANSWERS HATCH THE CORRECT ANSWERS. VOU HAY GO ON TO 

TEST FRAME 18. OTHERWISE. GO BACK TO FRAME I AND TAKE THE PROGRAMMED 

SEtlUENCE BEFORE TAKING TEST FRAME U AGAIN. 



1^. In the circuit illustrated below, assume current has reached a 
steady flow and the mag.ietic field is steady* 

Now If we open the switch, what happens? 

(l) Current attempts to stop. 



• >» 



r 



(2) The magnetic field starts uo 
collapse* 



With the field collapsing, do we have alt the requirements for In- 
ducing a voltage? 



Wes) 
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15. With the field collapsing, It Is moving In toward the center 
of the conductor: 



mix 



WMCTtON OF F»£> MOTION 



DinCTION OF FKU) MOTION 



Applying the left-hand njle for generators agatn, determtne the 
poUrtty of the Induced EMF of the en^ of the conductor at which 
you are looking. 



tnegat IveT" 



J6. Back to the circuit again. 



1 * Okay, we have opened the switch, 



the field Is collapsing, and the In- 
duc'td EMF ts as indicated. 



As you can see, the Ind^ic^d FMr canscd by the collapsing field 

tends to cause current to ^Jow !n t>;e direction 

of the original circuit current* saina/opposlte 



isama) 



17- Whereas the expanding magnetic fleH opposes the starting of current 
and attempts to stop tt, the coUapstng f)e1<! opposes the stopping 
of current and attempts to ft. 



(sustalnr 
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18. Indicate on the schematic below the polarity of the Induced 
EHF the Instant the switch is opened. 



-•->•- 



1 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEM AT THE TOP OF THE MEXT PAGE.) 



ERIC 
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ANSWER - TEST FRAME 18 ^ 

J. 




IF YOUR ANSWER HATCHES THE CORRECT ANSWER. YOU MAY GO ON TO TEST 
FRAME 20. OTHERWISE. GO BACK TO FRAME 1* ANO TAKE THE PROGRAMMED 
SEQUENCE BEFORE TAKING TEST FRAME 18 AGAIN. 



19. Up to this point we h«ive been talking about Inducing a voltage 
Into the conductor that Is carrying the current. 

Lat's place another circuit beside the first circuit, again with 
the expanded sections of conductor, and see what happens. 



When^the switch In circuit A Is closed, the magnetic field be- 
gins to expand as shown. As the field expands, It cuts not only 
the conductor of circuit A» but also the conductor of circuit B. 
Is there a voltage Induced in the conductor of circuit B. 




(yes) 
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20* Label the expanded conductor In Circuit B to Indicate the polarity 
of the Induced EMF the Instant the switch Is closed In Circuit A, 
Indicate by an arrow the direction current will flow through the 
anmeter In Clf'cuit 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWER - nST FRAME 20 




IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO. TO TEST 
FRAME 28. OTHERWISE, GO BACK TO FRAME 19 AND TAKE THE PROGRAMMED 
SEQUENCE BEFORE TAKtNG TEST FRAME 20 AGAIN. 



2t. Since we have established that current flows In the second 
circuit, ts there a magnetic field around the conductor of 
circuit 8? 



(yes . Remeniber - an> current carrying conductor has a magnetic 
field around It.) 



22. To see the effe::t of this field, let's turn both conductors on 




Circuit A Circuit B 



Using the left'^hand rule for generators, determine and state the 

polarity, at the end of the conductor at which you are looking, 

of the counter EMF Induced In circuit B by the current flowing 

In circuit B. 



tnegatlvej 
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25. Wtth this polartty, tt ts obvious that the counter EMF attempts to 

cause current to flow In the opposite direction to that of 

the original current. We can say, then, that this counter-EIIF 
reduces the effect of the field of circuit A. 



The self-Induced counter-EMF of circuit B 

of the magnetic field of circuit A. aids/opposes 



the effect 



X 



1 



J 1 



(opposes? 



2^. This concept Is best stated In the form of a rule called Lenz 's 
Law , It states: T he direction o f an Induced EHF Is such tha~ 
it TENDS to set up^ a current flow whose magnetic field ALWAYS 
opposes £ change In the field caused b^ th€ original current. 



0 



What will be the direction of current flow In circuit B wheii the 
switch In circuit A is opened? 



(You hat! to stop and think on this one. The c-rrent Is going to 
reverse and It will be flowing as shown.) 
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2S* You have probably noticed that tn our explanations we have been 
ustng a DC source, but you have also noticed that the only time 
a voltage ts Induced )s when current ts either starting or 
stopping* 

Considering this, we can f^ay that for a voltage to be induced 

in a current carrying conductor, there must be a 

in current flow* 



tchangeJ 

26* What type of current is continuously changing? 



(aTternat^ng current) 

27* Ustng alternating current provides us with the necessary change 
of current f1c?w to provide a continuously Induced voltage* We 
will see more about how we make use of this phenomenon In later 
lessons and modules* 



iGo to next frame) 
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28* Answer these Items as a review of the information learned in 
thi s lesson^ 

ia+ List three factors necessary to generate an EMF In a conductor* 

1. 

2. 

3. 

b. Since a magnetic field expands around^a current carrying con- 
ductor as current to flow, the three requirements 

for Inducing a voltage are satisfied* 

c* As current starts to flow in a conductor, the CEHF tends to 
the starting current* 

d* The CEMF in the conductor Is of the polarity to 

the EMF that caused current flow. 

e. Opening the circuit stops the current* The action of the 

magnetic field around the coil attempts to 

t'le current* 

f* An EMF can be Induced into 3 second conductor or circuit by 

the field that expands or collapses around the 

conductQr of another circuit. 

g- Lenz's Law states: The direction of an Induced EhF is 

such that It tends to set up a current flow whose magnetic 

field always a change in the field 

caused by the original current. 



(THIS IS A TEST FRAME* COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN ON THE TOP OF THE NEXT PAGE*) 
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ANSWERS - TEST FRAME 28 

" a.- 1-conductor,* 2'^magnetlc field, 3-relatIve motion 





^ starts 




oppose 




oppos t te 


e* 


sustain 


f. 


tnagnetic 


9* 


opposes 



IF ANY OF YOUR ANSWERS IS INCORRECT, GO BACK TO FRAME 21 AND TAKE 
THE PROGRAMMED SEI^UENCE. 

IF YOUR ANSWERS ARE CORRECT, YOU HAY TAKE THE PROGRESS CHECK, OR 
YOU MAY STUDY ANY OF THE OTHER RESOgRCES LISTED. IF YOU TAKE THE 
PROGRESS CHECK AND ANSWCS ALL THE QUESTIONS CORRECTLY, GO ON TO 
THE NEXT LESSON. IF NOT, STUDY ANY MSTHOD OF INSTRUCTION YOU WISH 
UNTIL YOU CAN ANSWER ALL THE (JOESTIONE CORRECTLY. 
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SUMMARY 
LESSON III 

Inducing Vol tage 

In our study of electromagnetic Induction (Module Two, Lesson III), 
we learned that a magnetic field, a conductor, and relative motion 
between them so that ftux lines are cut by the conductor will Induce 
a voltage In the conductor^ The greater the rate of change of the flux 
as Seen by the conductor, the larger the value of EMF Induced^ Faraday's 
Law states: The EHF Inducec or generated In a_ conductor Is |n dl rect 
proportion to the rate at wh?rh the conductor cuts theTtnes of 
magnetic flux . 

We have also seen (via electromagnetlsm) that when current starts to 
flow In a con'buctor, a magnetic field Is formed around It. If we 
look at an enlarged cross^sectlon of ^ wire, we see that as current 
begins to flow, circular lines of flux build up and expand outward 
from the center of the wire; thus, there Is the relative motio n between 
the conductor and Its Internal field. Therefore, we can assume that 
a voltage Is Induced In ^ conductor which begins to carry a current. 
We can determine the polarity of the induced voltage by using the 
left-hand rule for generators. Since the law of conservation of 
^energy hoTds, the Induced EMF Is a counter EMF or CEMF, 

It tends to cause current to flow In a direction opposing the actual 
current flow. As the current Is building up, the CEMF tends to hold 
back or choke the current from the source. Note that when the current 
finally reaches Its maximum steady value, there Is no CEMF rnduced, 
since there Is no longer any relative motion between the field and ' 
the conductor « 

l^et us now examine what happens after we open a switch In our circuit. 
Current stops, and the magnetic field collapses. 

The same action occurs as the field collapses. Once again there is 
relative motion between Internal portions of the conductor and the 
field, and an Induced EHF appears, as determined by the left-hand 
rule for generators. IN this case. Instead of tending to oppose the 
Source voltage. It aids the original EHF polarity and attempts to 
kee^j current flowing In the circuit. Although continued current f ' 3W 
Is not possible In an open circuit, Jhe EMF pushes In that dlr^"^!on 
until the magnetic field Is fully collapsed. 



Inducing a Voltage In a Second Circuit 

Suppose we take the original circuit with the enlarged section 
of conductor, and place It near another circuit with an enlarged 



„ so 
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section 'of conductor but without a source as shown below: 
_gRCWT_A qRCUIT % 





SWT " \ 



If we close $Wl , the magnetic lines of flux caused by the current 
flowing In Circuit A cut the conductor of Circuit B. Once again, 
we can apply our left-hand rule for generators to the Enlarged portion 
of the conductor and determine^ the potarUy of the voltage Induced 
in Circuit . This analysis Indicates that a counterclockwise 
flow of electron current In Circuit B exists'. Does this agree 
with the law of conservation of energy? ^ ' * 

The effect can be suimnarized In Lenz's L aw which st.ates: The 
d1 rect ton of an Induced EKf Is such that It te nds 4:o set up a^ 
current flow whose magnetic field always opposes a^ changeHli ^ 
the field caused by t he original current . . > 

What will be the direction of current flow In Circuit B wbep SWl 
Is opened after current has reached a maximum steady vafue? 

Note that a change In current flow, e.g., zero to a nexlmu^ (s 
DC level)' or the reverse, Is necessary to iiave an Induced vol/fage. 

.Since AC current Is always changing, replacing the battery of Circuit 
A with an alternator would Induce a continuous voltage In Circuit B^ 



AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY 
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCT I OH OR BOTH* 
IF YOU TAKE THE "PROGRESS CHECK AND ANSWER ALL OF THE ftUQSTIONS 
CORRECTLY, GO TO THE NEXT LESSON* IF NOT, STUOY ANOTHER) METHOD OF 
INSTRUCTION UNTIL YOU CAN ANSVER ALL THE QUESTIONS CORRECTLY. 
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OVERVIEW 
LESSON IV 



Inductance and Induction 



tn this lesson you wt tt study and learn about ''he following: 



-tnuuctance and Its unit of measurement 

-practical solutions 

'factors that affect tnxiuctance 

-Induction 

-factors affecting induction 
-mutual inductance 
-mutual induction 



BEFORE you START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXr PAGE. 
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LIST OF STUDY RESOURCES 
LESSON IV 



Inductance and Induction^ 



To learn the material in this lesson, you have the option of choosing, 
according to your experience and preferences, any or a1 ) of the follow- 
ing; 

STUDY BOOKLET: 

Lesson Narrative 
Programmed Instruction 

Lesson Summary / 

/ 

J 

ENRICHMENT MATERIAL: 

HAVPERS 93^00A-lb "Basic Electricity, Alternating Current*** 
Fundamen tals of Electronics * Bureau of Naval Personnel* 
Washington, D*C*; U*S* Government printing Office, I965* 



YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE* YOU MAY 
TAKE THE PROGhESS CHECK AT ANY TIME* 



77 



Narrative 



Efght-IV 



NARRATIVE 
, LESSON IV 

Inductance and Induction 

In this lessor^ We wtl) attach names and untts to the concepts you 
have already learned^ 

y 

Inductance / 

We learned tn Cesson, IJil of thts module' that when a current 
starts or stops flowlhgj tn a conductor or coti, there ts an 
EHF Induced* We furthe^* learned that as current |$ , rising, the 
' Induced EHF opposes t^e source (tries to stop the current), and 
as current Is decrea^^lng, the Induced EHF aids the source (tries 
to keep the ciirrent flowing)* 



Does a conductor or an Inductor have the abl I tty to oppose a 
change In current even tho^jgh no current is flowing tn the 
conductor? 



Certatnlyt Just as you have the abl 1 1 tv to work even while you 
are sleeping, so does a conductor or Inductor have the abl 1 tty to 
oppose a change in current even though a current Is not flowing* 
Thts abl 1 tty , then, ts a physical property or a butlt'tn character 
Istic of the conductor or coll* 

Thts ability or physical property has been named Inductance * More 
precisely. Inductance Is the physical property of"an electrical 
circuit that opposes a change tn current flow* 



With your poorer supply unplugged, does the choke have 
Inductance? 



Choke , of course. Is another nsme for the inductor pr coil, and 
tt too has Inductance even In a de-^energtzed circuit* 

Have you ever used a wheelbarrow? Remennb^r how hard tt was to get 
It started when It was loaded? It was hard to Stop once you got 
It rolling, too, wasn't tt? Just retnember that Inductance has 
that same effect on current* It opposes the current when it ts 
increasing, and aids or tries to sustain current when It Is 
decreasing* 
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Does a coti have the same amount of inductance as a 
straight conductor? 



Nol Of course noti So, tf all conductors or inductors do not 
have the saaie amount ^of inductance, we must have some way of 
measuring this abiiity^ 

The unit of measurement for inductance is the henry ^ A conductor 
or coil is said to have 1 henry of inductance tf 1 volt is induced 
into the conductor or coil when the current changes at the rate 
of 1 ampere per second* 

The syjnboi for inductance is L^, and the abbreviation for henry 
is h^. We can state, then, that the coii has an indue, ance of 1 
henrv or L » 1h. Frequently we will be dealing with components 
whose Inductance values are much less than 1 henry. We wM 1 use 
the mil 1 Ihen ry ( mh) or the microhenry ( uh ) where applicable. 
(Remember, mllU means 1/1,000 and micro means 1/1,000,000*) 

Solving for I 

Just as resistors, inductors may be connected In either 
series or parallel* 




Parallel 



Series 

To solve for .total inductance in a circuit, you use the same 
rules you learned for resistance, namely: 

1. Inductenc* Is additive in series, 

2. inductfjnce In parallel may be found by any of 
three i'>ethods: 
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a* any number of in^iuctors of equal value; 

_ (indu;tance of one inductor) 

T " n 

D. two Inductors of unequal value: 

LI X L2 
^ 11 + 12 

c. any number of Inductors: 



LI L2 * L3 



rind in this circuit, 



L|; K>h 



since It is a series circuit, we find by simple addition: 



= LI + L2 = lOh + 5h = 15h. 



Let's try this one. L^ 





Since th^s one is a parallel network, we find the equivalent 
inductance by either the product-over-the-sum or the sum-of- 
the- reciprocals method- 



57 
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I = LI X 12 ^ iOh X 5h 50 , - 

"■T LI + L2 lOh + 5h " 15 T " 



or 



LI ^ L2 



JO 5 10 10 To 



Solve these circuits for L^. 



Smh 



lOmh 



aimh 



2. 




4 = 




Your answers should agree with these; 

K 15-lmh 

2. 5h 

3. Smh 

F actors^-That Affect inductance 

Since inductance is a physical property, it should be safe to 
assume that any factors affecting inductance must also be physical 
factors- 
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Does the amount of current flow affect the inauctance of 
a CO I i ? 



Not Certainly noti Remember we decided the abl 1 1 ty (Inductance) 
fixisted without current flow* Then current flow must no* affect 
the aTOunt of the Inductance* 

In an earlier lesson, we discussed factors that affect flux 
density of the magnetic field of a coll. These same factors, 
except current, affect the Inductance* They are: 

•t 

. The number of turns of the coP The greater the 

number of turns, the greater the airount of Inauctance. 
A coll, then, has more Inductance than a straight wire. 



LI L2 

L2, having more turns, has more inductance than LK 

2„ Cross-sectional area of the core. The greater the cross- 
secttc area, the greater the amount of Inductance. 



Which Inductor has the greater Inductanc 



LI 




Answer; L2 



3* Permeability of the core ^ The greater the permeability 
of the core material, the more Inductance* 



Which Inductor has the greater Inductance? 



LI 



L2 



Answer; because It has an iron core v/iiich*has a higher 
permeability than air. 
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4. Length of the core . The longer the core, the less the 
amount of Inductance, Notice that thfs Is an Inverse 
relationship. - 

5- Col I turns spacing . The closer the turns, the greater 
the amount of Inductance. 



Induction 

WhI le Inductafice Is a physical property, Inductio n is the action 
of Inducing a voltage within a conductor or coIK Inductance 
does not require current flow, while Induction does require 
currcpt flow* We must have the action of the electrons within 
the conductor to have a magnetic field, and a magnetic 
field Is one of the requirements for Inducing a voltage. We 
must further have the action of thft conductor's being cut by 
the magnetic lines of flux, and this cuttkig action Is obtained 
only when the current Is chang ing In some way 

Inductlon-t then. Is the action of Inducing a voltage when current 
is changing In a circuit. The Induced voltage, aS previously 
staled. Is carled counter EHF and abbreviated CEMF. 



Factors Affecthig Induction 

The factors which affect the amount of Induction are the same 
Factors that affect flux density, and therefore are the same 
factors which affect Inductance plus a change In current. Again, 
they are; 

I. the ncimber of turns In the C\^\} 

2- the cross-sectlonal ^rea of the core 

3^ the permeability o'' the core material 

^. the length ^ore 

5* coll turns ^ ^^j 

6* the rate of ^ ^ In current flow 

Note that In the factors Effecting flux densIty^, we simply said 
the amount of current, wnereas here wc said the amount of change 
of current* What we mean here Is: If, for a given Inductor, we 
have a rate of change of current of I ampere per second (current 
Increases or decreases 1 ampere In I second) and we Induce volt, 
then a rate or change of 2 amperes per second would Induce 2 volts* 
We Increase the amount of Induction " not, the amount of Int'uctance* 



Mutual Inductance 

When tvvo colls are physically positioned so that the lines of flux 
of one can cut the turns of the second col I In such a manner as 
to Induce a voltage, they exhibit mutual Inductance* All this really 
means Is that the lines of flux from each coll can act upon the 




Narrative 

turns of the other coll to induce a voltage. 

These coils exhibit the 
physical property of 
mutual inductance. 



Eight-!V 




These two coils are positioned 
in such a manner that the lines 
of flux of one cannot induce a 
voltage into the other; there' 
fore, they do not exhibit 
mutual i nductance^ 



While the symbol for inductance is the symbol for mutual inductance 
is Both and M^, are measured in henrys . 

The amount of mutual inductance of two coils if affected by their 
proximity (how close they are). This determir .s what percentage of 
the lines of one coil cut the turns of the oth^r coil, and this 

percentage Is called the coefficient of coupling^ The greater the coef- 
ficient of coupling, the greater the amount of mutual inductance for a 
given pair cf coils* The maximum coefficient of coupling Is 1, 
which means that 100? of the lines of flux of one coil cut all 
the turns of the other coil. 




A ^ B 
Assun^^ng the coils are identical in each case, which pair 
has the greater mutual inductance? ^_ 

*alr A* The coils are closer together, thus having a greater 
coefficient of coupling* • " 
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Mutua I ( nduct Ion 

Recall that Induction was the action of inducing a voltage. Then 
mutual induction must also be action . And it is; it "e the 
action of transferring energy from one electrically isolated cir- 
cuit to another. 

Mutual induction, like induction, Is de^'^ndent upon the existance 
of a changing current flow. Without the motion , there is no 
induced voltage and no energy transfer. 

Mutual induction is the action which takes place in transformers, 
which you will study in Module Ten. ■ 



AT THIS l>OINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY 
OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE PRDGRESS CHECK AND 
ANSWER ALL OF THE ftUESTIDNS CORRECTLY, YOU HAVE MASTERED THE MATERIAL 
AND ARE READY TO TAKE THE MDDULE TEST. SEE YOUR LEARNIMG SUPhRVISOR. 



!F YOU DECIDE NOT TO TAKE THE PROGRESS CHECK AT THIS TIME, OR fF 
YDU MISSED DNE OR MORE ftUESTIONS, STUDY ANY METHOD DF INSTRUCTION 
VOU WISH UNTIL YOU HAVE ANSWERED ALL ThE PRDGRESS CHECK ftUES-HUlS 
CORRECTLY. THEN SEE YOUR LEARNING SUPERVISOR AND ASK TO TAKc THE 
MODULE TEST. 
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PROGRAHMEO INSTRUCTION 
LESSON IV 

Inductance and Mducticn 



TEST FRAMES ARE 7» 18, 11, V\, 37» 50 AND 5K AS BErORL, GO 
FIRST TO TEST FRAME 7 AND SEE (F YOU CAN ANSWER ALL THE QUESTIONS 
THERE. FOLLOW THE DtRECTICNS GIVEN AFTER THE TEST FRAME. 



1. Have you e(?er pushed a piano? Pianos are hard to start, but once 
they are tn motion, they move easily. !n fact, once a piano 
is moving,* it is hard to stop. You use more energy to start a 
piano moving than you use to keep It moving. You also need more 
energy to stop a piano once \t is moving than you need to keep 
it moving. The need for this extra energy Is to overcome inertia. 
What Is Inertia? A body at rest tends to rernain at rest; a 1/ody 
in motion tend* to stay in motion. 




Electrical circuits have a property which Is very similar to 
Inertia. Inertia is the property of an object to oppose any 
change In Its direction of motion. Some electrical circuits 
have a property which opposes change 1n current. ' If^current 
in a circuit' increases, a force In that circuit opposes the !n^ 
crease, (f current In a circuit decreases, a force In that cir- 
cuit opposes the decrease, rhe^roperty of a circijit that opposes 
any change of current in that circuit is called Inductance . 

Inductance is the property of a circuit that opposes any 
of * 



Uhange; current) 
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2* As the current flow through a conductor Increases or decreases 
in value, the magnetic field about that conductor Is expanding 
or collapsing^ The changing magnetic field causes a se f^induced 
voltage ^nown as cgunter EMF (C EMF) > The counter £HF opposes 
the applied volifege, thus opposing the change in circuit + 



UurrentT 



3* Lenz's i-aw states: 

The voltage Induced jn_ £ c1 rcult £ ch^gin9 current a Iways 
^ opposes the change causing 1t ^ ThIs statement Is the ba^ls for^ 
the explanation of the property of - 



(inductance) 



The voltage Induced In circuit by a ;;hang1ng current which 



^opposes the applied voltage Is called 
{count(»r £HF} 



5* Indgctanc^Ji Is the of a circuit tnat opposes any 

of ; ^ ' A 



(property; change; current) 



6. Th^ Voltage Induced in a circuit by a changing current always 
opposes the change causing It. 



This Is a state;nent of 



tLen:z's Law) 
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7* Which of the foUouing statements best states lenz's Law? 

a* The v(D]tage Induced in a circuit by a changing current 

always opposes the change causing it. 



The inductance In a circuit always opposes the change 
causing It^ 



— ^ 

(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRFCT 
ANSWER GIVEN AT THE TOP OF THE NEXT PAGEJ - 



\ 



/ 



9,-; 
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ANSWER - TEST FRAME 7 

The voltage Induced in a circuit by a changing current 
always opposes the change causing it. 



IF YOUR ANSWER MATCHES THE CORRECT ANSWER. GO TO TEST FRAME 18* 
OTHERWISE. GO BACK TO FRAME I AND TAKE tKE PROGRAMMED SEQUENCE 
BEFORE TAKING TEST FRAME 7 AGAIN* 



-8. The property of a circuit that opposes any change of current In 

that cl rwl L 1 s cal led Inductance * What property of a ci i^cul t would 
oppose a change of current within a circuit from ^ amps to 2 amps7 



UnductanceJ 



9* The voltage induced by a changing current in a circuit opposes 
the applied voltage. This 1 nduced\voI t^ge is known as 

_ « _ T - ^ "_ _______ ^-1 

(counter EMF) 



JO* Inductance Is the measure of a circuit's ability to injJLice 
witage In itself. The amplitude of induced voItageWeperds 
upon the amount of maynetic linei which j jnk or cut portions 
of that circuit* The symbol for inductance U (foh Linkage)* 
The symbol representing the measure of a'clrcui?*s abiTlty to 
'nducc a voltage is * 

- - - - — ^ - - - " - — - - — 

- (L) • 
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\\* Inductance (L) Is measured In henrys * The abbreviation for 
1 henry is h^* When a change of current of 1 ampere per 
second Induces a voltage of ) vo1t» we have ) henry of 

]nductaf(ce* Inductance (iL) Is measured tn 

which ts abbreviated * 



(henrys; TJ 



]2* Frequently^ very sma)) values of Inductance are used. Using 



the prefixes you have previously learned^ write the abbreviations 
for 1/1>000 of 1 henry , and 1/1>000,000 tjf 1 





henry 










Umh; Iph) 




The property of 
flowing in that 


a circuit that opposes any change of current 
circuit is known as 


(inductance) 




TJie symbol for 
measurement for 
abbreviated 


inductance )s i the unit of 
inductance Is the » which Is 










(L; henry; h) 
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15* tn circuits having more than one Inductor, we must be 
able to compute total Inductance* 

Inductors may be connected In either series 

or parallel o( o) configurations. 



Draw a circuit of three inductors connected in series with an 
AC power source and switch* 



® 



/immn 
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16. Draw a circuit with three (nductors tn parallel with an AC 
power source end switch. 




ERIC 
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17. Wien yox. solve for total inductance in a circuit, you use the 
same rules that apply to finding total resistance in a circuit. 
Series circuit: - RI + R2 + RJ; Parallel Ciryduit: 

RI If * Rn 

For example, series inductance requires' the same formula as 
Series resistance except for the symbol: L. » LI -(- L2 -(- L3> 



~UIMMJ~ 
h 

What ts the total inductance of the followtng circuit? 



^ iirsh 



4- 
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18. Solve for L.. . ' 



l4:i4h 



4 = 



(this is a test frame, compare your answer with the correct 
answer /given at the top of the next page.) 



Eight-IV 



AKSWER - TEST FRAME 18 



IF YOUR ANSWER HATCHES THE CORRECT ANSWER, GO TO TEST FRAME 23- 
OTHERWISE, GO BACK TO FRAME 8 AND TAKE THE. PROGRAMMED SEQUENCE 
fJEFORE TAKING TE5T FRAME 1 8 AGAIN. 



ERIC 
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19* Solving for total inductance tn parallel requires the same 
formulas as resistance [n parallel. 

Exainf.les: 

A (2- branch) ^ 



0 



M l2 



(3 branch or more) 



_ H X 12 
T LI + L2 



1 



Ll ^ L2 L 



Solve for L_ in this two-branch parallel circuit. 



ish 



T 
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20. What ts the total Inductance of the circuit belc*v? 



0 



_Ll2mh) 



21- You win notice that total Inductance of a parallel network will 
always be less than the smallest Inductor. 

Totaf inductance In the circuit below will be: 



a. greater than the value of L3 

b. between the values of 1-1 and L2 
c^ less than the value of LI 

d. the values of Ll + L2 + L3 



(c) less than the value of lT 



22* tn a three-branch circuit, L^'Is 
Inductor* 



than the smallest 



TsmaTTeT}' 
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23. In the circuit below, U equal to: 




(THIS IS A TEST FRAHE. COHPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 



\ 
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ANSWERS - TEST FRAME 23 
I b. 5yH 



\V YOUR ANSWER HATCHES THE CORRECT ANSWER, GO TO TEST FRAME . 
OTHERWISE. GO BACK TO FRAME 19 AND TAKE THE PROGRAMMED SEQUENCE 
BEFORE TAKING TEST FRAME 23 AGAIN. 



ik. In the circuit shown- bet ow, v^en the switch \% closed, current 
does not build up fnmedtately because \he counter EMF In the 

conductor ^ the applied voltage. 

(aids/opposes) 



CONDUCTOR 



> 



+ 




(opposes r 



10€ 

it 



PJ. 



E(ght-(V 



: 25* The polarltyof the counter EHF In the conductor In the figure 
Mn frim 2A Is such chat it opposes the applied voltage when 
the circuit Is energUed* 

■ Labe; the polarity, of the co^Tit^r.. EHF which Is Induced tn the 
expanded conductor when the switch ts closed^ 



CON0UCT3R 



> 





1 




* 



The property of Inductance affects OC circuits only at the time 
-they are turned on or off* However, AC circuits are always 
affected by the property of inductance oecause ci:rrent In an 
AC circuit Is always * rc 



(changing? 



lERjC:- 
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27< The amount of Induced voltage In an AC circuit can be Increased* 
by Increasing the length of the conductor that Is affected by the 
changing magnetic field* 

Which diagram below shows the greatest length of conductor 




28* By winding a conductor Into a coll^ the amount of voltage 
Induced Is greater than It would have been If the conductor 
were a straight piece of wire* 




A coll coricentrates the magnetic field abcut It; therefore, 
a greater _j Is Induced In the coU^ 



Uo i tager 
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^S* A coM of wire that ts wound so that tt has a spectftc amount 
of Inductance Is cJled an Inductor ^ You may also see It 
referred' fb as a choke or simply a col K A cofi of wire that 
has a Specific amount of Inductance Is called an 



(Inductor) 



30* Inductors are usually rated In henryS t ml 1 Ilhenrys , or micro 
henrys * 

A choke ts normally rated in units of , 

or * 



thenrys; mil llhenjys; microhenrys) 



JK Since Inductance Is a physical factor (built In), the 

factors that affect Inductance tnust be 

factors* 



(physlcafT 
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32* The amount of Inductance of a col I Is dependent upon five 
factors; 

1) the number of turns of the coll 

2) thd cross*sectIonal area of the cor-^ 

3) the permeability of the core material 
M the length of the core material - 

5) the spacing between coH turns 

Now» think about this for a moment: Considering the things 
you know about Inductance, and the factors you see listed above, 
Indicate which factors have a directly proportional relation* 
ship with Inductance and which an Inversely proportional 
relationship* 



Directly Proportional: 



Inversely Proportional: 



(Directly Proportional: 

1) nuiTi>er of turns of the cot I 

2) the cross*secttonaI area of 
the core 

3) the permeability of the core 
material) ; 



Inversely Proportional: 

1) the length of the core 
material 

2) the spacing between coll 
turns 



Ho 
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33* You may have recognized these factors as the same factors that 
affect flux denstty that you learned earlier* If you dtd, then 
the last frame was easy for you* You simply realized that flux 
density )s increased by an increase ^n: 

1) the number of turns of the coil 

2} the cross-sectional area of the core 

3} the permeability of the core material, 

and will be decreased by an Increaf^ iii 

k) the length of the core material (more reluctance) 
5) the spacing between coil turns* 

You will recall there were s ix factors affecting flux density^ 
but we see only five affecting Inductance- 

What factor affects flux density that does not affect inductance 



tamount of current) 



3^1* List the five factors that determine the Inductance of a coil 

1* 

2* 

3. 



5. 



(THIS IS A TEST FRAME* COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE*) 



10t^ 



Eight-IV 



ANSWERS - TEST FRAME 3^ 

It number of turns of the coH 

2, cross-sectional area of the core 

3t permcabtltty of core material 

length of core 
5« the spacing between coti turns 



IF YOUR ANSWERS MATCH THE CORRECT ANSWERS, GO TO TEST FRAME 37, 
OTHERWISE, GO BACK TO FRAME 2h AND TAKE THE PROGRAMMED SEQUENCE 
BEFORE TAKING TEST FRAME 3^ AGAIN. 



35* The amount of current does not affect the ability (inductance) 
0^ a coll to Induce a voltage* It does, however, have an effect 
on induction, which Is the action of Inducing a voltage* 

Since current Is movement, we can say that 

. is required In order to have Induction* 



tmptlon) 

36# We discc^'ered earlier that the current must be changing In 
value to have the relative motion necessary to induce a 
voltage. 

Let us think of what In'juctlon Isl^ 

Induction the of Inducing a voltage* 



(action! 



Us 
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37. In your own words, state the difference between Inductance 
and Induct Ion. 



(this is a test frame, compare your answer with the correct 
answer given at the top of the next page.) 
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ANSWER - TEST FRAME 37 

Inductance Is a physical property and ts a measure 
of.'the ability oiF a circuit or component to induce 
a voltage, while Induction Is the action ol* in- 
ducing that voltage^ Inductance does not require 
current flow, whereas, induction does ^ (or words 
to that affect) 



IF YOUR ANSWER MATCHES T^IE CORRECT ANSWER, GO TO TEST FRAME ^7- 
OTHERWISE, aO BACK TO FRAME 35 AND TAKE THE PROGRAMMED SEQUENCE 
BEFORE TAKING TEST FRAME 37 AGAIN* 



38* Name the six factors which affect Induction. 

K 

2. 

3* 

~ 

6. 



TT the number of turns. In the coil; 2. the cross-sectional 
area of the core; 3* the'^permeabl 1 1 ty of the core material; 
^* the length of the^core; 5* the rate of change In current 
flow; 6* spacing between'coll turns) 

Thts should have been pretty easy even though the factors had not 
been listed for you as such. The same factors that affect the 
ab 1 1 1 ty (inductance) must also affect -the action (induction)* The 
amount of change of current flow Is the one added factor^ , 
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39* A circuit Induces voltage Into Itself when the current changes. 
When two or more circuits or components (colls) are close 
to each other, changing current In one circuit can Induce voltage 
tn another circuit* This ts called mutual Inductance . The 
mutual Inductance between circuits Is measured In henrys . When 
a change of 1 ampere per second In I circuit Induces a voltage of 
1 volt In another circuit, there Is a laitual Inductance of 1 henry. 
The symbol for mutual. Inductance Is 

Voltage Induced In a conductor because of a changing magnetic 
field around another conductor Is Induced because of . 



(mutual Inductance! 



to. When two colls are physically positioned so that lines of 
flux of one can cut the turns of the second cc$l1 In such 
a manner as to Induce a voltage, they exhibit mutual In* 
ductance. 

Which of the below pairs of colls exhibit mutual Inductance? 




b. 



T 



(a) . - 

IF YOU ANSWERED THIS CORRECTLY AND UNDERSTOOD THE REASON, GO TO FRAME 
42. IF NOT, GO TO FRAME 4l . 
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Let us take a rook at those pairs of coils again^ 



These two coils are positioned ^ 

tn such a manner that the lines 

of flux from one can cut the turns 

of the other, and in so cutting, 

produce a voltage^ It Is 

possible that they be placed 

far enough apart so that none of 

the lines of flux cut the 

other, but this Is not apparent here. - 

These colls, on the other hand, are 
positioned so that the lines of ^ 
flu;c of one may cut the turns of 
the other, but not In such a tr^nner 
as to Induce a voltage. There Is 
a cancelling effect and thus no 
mutual Inductance. 



(Go to next frame.T 



The amount of mutual Inductance is dependent upon the amount 
of inductance of the coils and the proximity (how close they 
are) df the colls. In other words, the closer the colls, the 
^more 









(mutual tnt^'uctance) 
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Spacing the colls closer causes more lines of flux from cne 
ci/Il to cut the other coll. The perceVitage of tines of flux 
of one cotl that actually cut the other c6il Is called the 
coefficient of coupUn^ > A coefficient of coupling of 1 means 
that 100* of the lines of flux of one coft cut all the turns 
of the other coll • 



f\. 

Assuming the coMs ar^dentlcal In each case, which pair has 
the greatest mutual Inouclance? 



' M- M Is the symbol for 
(mutual Inductance) 



45- Mutual Inductance Is the ability of a changing rnagnetlc field 

In one conductor to Induce a In another 

' conductor. 



V 

46. The symbol for mutual Inductance Is 



1?' 




PJ. EJght-IV 
hy,' What two factors affect the mutual inductance of two coils? 

K - 

2. 



(THIS ISA TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSVSRS - TEST FRAME 4? 

K the Inductance of each coU 

* * 

2* the coefficient of coupl ffig 



IF YOUR ANSWERS MATCH THE CORRECT ANSWERS, GO TO TEST FRAME 50, 
OTHERWISE, GO BACK TO FRAME 38 AND TAKE THE PROGRAMMED SEQUENCE 
BEFORE TAKING TEST' FRAME 4? AGAIN. 



kZ* Now, let us look at a circuit that has mutual Inductance. 
Shown below are two circuits with part of the conductor of 
each expanded for a better look. The expanded sections are 
marked A and B^* Hire A is connected to a battery through a 
switch Ts_X) * Wire B ts near wire A, but Is not connected to 
any voltage source. An ainmeter ts installed in series wtth 
wire B. The ammeter will Indicate any current flow In wire 



> 



At the moment the switch (S]) Is closed, current starts to flow 
In wlr^ A. Lines of force e^parkd around wire A, and as they 
expand, cut^wtre B as shown on the next page, fi voltage Is 
Induced (n wire B* The polarity of the induced voltage Jo 
wire B can be determined by using the left-hand rule for' 
generators* The current In wire B Is oppos I te In direction 
to the current In wire A* 

(Continued on next page) 
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(NDUCEO INDUCED 




EMF IN. 
DIRECTION 



CUTTING' 



GXmNDiNG 
MAGNETIC 
FIELD 




MOfTlON 0F"B^ 
IN EXPANDING 
^ FIELD 



Constdertng the retattonshtp between Inductance and Induction, 
what would you call this action of Induct^ng a voltage tnto an 
Isolated circuit or component? ' 



jmotual Induct I onT 



^2ij 
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-a: 



> 



1. When SI^ ts closed, the expanding magnetic field around wire 
A will Induce a voltage In wire B. ' 

2. The Induced voltage In wire B will cause current (Induced 
current) to flow through the ammeter (A). 

3. The left-hand rule for generators can Fe used to find the 
polarity of Induced voltage In wire B. 

^. The Induced voltage acts as a source for current In circuit B. 



the direction of current flow through the expanded con^ 
\ and 6, and show polarities of Induced EHF In both and 



Indicate 

ductors A dna D, ana snow pQ;arities ur inaui^ea cnr 
direction of the magnetic field around conductor A. 



+ 



m 
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50. In. your own words describe the difference between mutual In' 
ductance and mutual Induction. 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWER WITH THE" CORRECT' 
ANSWER aiVEN AT THE TOP OF THE NEXT PAGE.) 



l22 

U5 



P.I 



Elght-lV 



ANSWER - TEST FRAME 50 ,. 

Mutual Inductance !s the ability of a circuit or 
component to Induce a voltage Into another Iso*^ 
tated circuit or component; mutual Induction Is 
the action of or{t circuit or component Inducing 
a voltage Into another circuit or cotnponent. 
Mutual Inductance does not require current 
flow; mutual Induction does, (or words to that 
effect) 



IF YOUR ANSWER MATCHES THE CORRECT ANSWER, GO TO TEST FRAME 51. 
OTHERWISE, GO BACK TO FRAME 48 AND TAKE THE PROGRAMMED SEQUENCE 
BEFORE TAKING TEST FRAME 50 AGAIN. 



51. Answer these Items, 
a. Inductance fs^the 



b. 



c. 



d. 



any change In 

The symbol for Inductance Is 
of Inductance Is 



of a circuit that 

i~The unit 



^whose symbol Is 



The property of a circuit that opposes any change In current 

In that circuit Is called ^ • 

Label the potarlty of the CEMF In the expanded conductor 
In the scfiematic below at the Instant the switch Is closed. 



> 




e. ttst five factors that determine the Inductance of a coll 
(any order) 

1. ' 

'2- • 

3. ■ '_ 

k. 





icmnmttt next page) 
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5t. (Continued) 



f. 
9- 

!. 
J. 



The syrribo! for mutual Inductance Is [ , 

A changing magnetic field around a coll Is caused by a 

changing through tha coD* 

The changing magnetic field around a coil will induce a 
Voltage tnto a nearby coH because the colls have 



The factors that determine the mutual inductance between 

two coMs are and . 

On the drawing shown, label the polarity of the Induced 
voltage In expanded conductor B and draw an arrow Indi- 
cating current flew through the meter In circuit B when 
the switch In circuit A Is closed* 



<M> 



k. Solve for Lj. tn the ctrcutt betow. (Assume no mutual Inductance.) 



L«:7Sh 



4 



(continued next page) 
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1 . Solve for Lj. 
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Lt:3SUh 



l4>OMh 



4 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 51 



a, 
b. 
c. 

d. 

e. 



f. 

9. 
h. 
t. 



property; opposes; current 
It henry; h 
Inductance 



I) 

2) 
3) 

5) 
H 

current 

mutual Inductance 

the inductance of each cot1» 

the coefficient of coupling 



the number of turns in the coll 
the cross-sectional area of the core 
the permeability of the core material 
the length of the core 
spacing between coll turns 



1 h 



k, U « kkOh 
1 , I.| « 12Mh 



IF YOUR ANSWERS ARE INCORRECT. TAKE THE PROGRAMMED SEQUENCE AGAIN, 

IF YOUR ANSWERS ARE CORRECT, YOU HAY TAKE THE PROGRESS CHECK, OR 
YOU HAY STUDY ANY OF THE OTHER RESOURCES LISTED.' IF YOU TAKE THE ■ 
PROGRESS CHECK AND ANSWER ALL THE QUESTIONS CORRECTLY, YOU HAVE 
HASTERED THE HATERIAL AND ARE READY TO TAKE THE MODULE TEST- SEE 
YOUR LEARNING SUPERVISOR. 

IF YOU DECIDE NOT TO TAKE THE PROGRESS CHECK AT THIS TIME, OR iF YOU 
MISSED ONE OR MORE QUESTIONS, STUDY ANY METHOD OF INSTRUCTION YOU 
WtSij UNTIL YOU HAVE ANSWERED ALL THE PROGRESS CHECK QUESTIONS COR- 
RECTLY. THEN SEE YOUR LEARNING SUPERVISOR AND ASK TO TAKE THE MODULE 
TEST. 
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SUMMARY 
LESSON tV 



Inductance and Induction 



We win now name ^nd attach units to the concepts of tnduc:tton 
already studied* We first note that a conductor (or coll) Vias the 
ability to oppose a change In current flow even though no current Is 
flowing In the conductor or coIK (This Is similar to a resistor 
having a certain resistance value though It may be carrying no^ 
current*) The physical ability to oppose a change In current flow Is 
called Inductance* The unit of measure for Inductance is the henry* 

By definition, a conductor or coll Is said to have I henry of Inductance 
If I volt I5 Induced In the conductor or coll when the current changes 
at the ratct of I ampere per second* The symbol of Inductance Is 
and the abbreviation for henry Is h^. 

Thus If a coM has an Inductance of ! henry: L « Ih* We frequently 
deal with components whose Inductance values are much less than 1h* 
We then use ml II Ihenry trrth) and microhenry (yh) as applicable* 

Solving for L 

Since Inductors are components^ they may be connected either In 
serlesHbr parallel arrangement. To solve for total Inductance 
of a circuit, our basic principles lead to the same combining 
rules as for resistors, namely; 

1) , Inductance Is additive in series* 

2) Inductance In parallel Is given by: 




or ror two Inductors, 



4 



Ll X L2 . 
LI + L2 




hi. 

n 



where l^t ^He Inductance of any one Inductor. 



The factors that affect Inductance are: 
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(i) The nuflter of turns of the coll 
Direct (2) The cross'^secttonal area of the core 

(3) The permeabMIty of the core 

Inverse * (*) The length of the core 

(5") CoH turns spacing 

While Indue tinea Is a physical property* Induction Is the action 
of Inducing a voltage within a conductor or coll* Note that 
Inductance requires no current » but Induction does* 

The factors affecting Induction are the above' flve» plus a sixths 
the rate of change of current flew* 

Hu nual Inductance 

* 

Mutual Inductance describes the case tn which two colls are physical 
positioned so that the lines of ftux of one can cut the turns of 
the second* For exarrqDte^ tf the conf tguratPon ^hown below exists^ 




we have the property of mutual Inductance^ H* It Is also measured 
In henrys but now an EHF Is Induced Into two or more circuits or 
conpohents* 

The amount of mutual Inductance of two colls Is affected by their 
proximity (how close they are)* This determines what percentage 
of the flux lines of one coH^cMt the turns of the other col 1 » and 
this percentage Is called the coefficient of coupl Ing* The greater 
the coefficient of coupling^ the greater tEe amount of mutual In- 
ductance* The maximum coefficient^ of coupling Is 1» which means 
that all the lines of fijjx of/ one coll cut all the turns of the 
other coH* 




Assuming the colls are Identical In each case» which pair 
has the greatest mutual Inductance? ' 
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Pair A, They are closer together thus having a greater coefficient 
of coup"l tng. 

Mutual Induction 

Recall that induction Is the action of inducing a voltage* Then 
mutua l Induction must also be action * And it is; it is the action 
of transferring energy from one electrically isolated circuit to 
another. 

Mutual induction, like Induction, Is dependent upon the extstance 
of a changing current flow* Without the change, there Is no In- 
duced voltage and no eneft,/ transfer* 

Mutual Induction Is the action which takes place In transformers, 
which you will study \n Module Ten. 



AT THIS POINT, YOU HAY TAKE THE LESSON PROSRES* ^CK, OR YOU HAY 
STUDY THE LESSON NARRATIVE OR THE PROGRAHMEO (KinRUCTION OR BOTH. 
IF YOO TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS ^ 
CORRECTLY, YOU HAVE HASTEPED THE MATERIAL AND ARE REAOY TO TAKt THf 
MOOULE TEST. SEE YOUR LEARNING SUPERVISOR. 



IF YOU OECtOE NOT fO TAKE THE PROGRESS CHECK AT THIS TIHE, OR IF YOU 
HISSEO ONE OR MORE QUESTIONS, STUOY ANY METHOD OF INSTRUCTION YOU WISH 
UNTIL YOU HAVE ANSWEREO ALL THE PROGRESS CHECK QUESTIONS CORRECTLY. 
TK-^-N SEE YOUR LEARNING SUPERVISOR ANO ASK TO TAKE THE MODULE TEST. 
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